A comparative study was undertaken of clinical and environmental isolates of non-O1 Vibrio chokrae with respect to their hemagglutinating, hemolytic, enterotoxigenic, and enteropathogenic activities. Cell-associated hemagglutinin titers of the clinical and environmental isolates did not differ much, although the clinical isolates displayed higher cell-free hemagglutinin titers compared with those of environmental isolates. Culture supernatants of 61.5% (24 of 39) of clinical isolates showed hemolytic activity (-10% lysis of rabbit erythrocytes), while only 33.3% (10 of 30) of the environmental group had such activity. Furthermore, hemolytic activities of the clinical isolates showed a good correlation with their cell-associated hemagglutinin titers which was not true for the environmental group. Culture supernatants of 45.8% (11 of 24) of the clinical and 20% (2 of 10) of the environmental isolates exhibited enterotoxigenic activity in the rabbit ileal loop assay. Such activity was mediated mainly by cholera toxin-like substances, although some of the isolates produced fluid-accumulating factors unrelated to cholera toxin. Experimental animal studies demonstrated that the enteropathogenic potential of the environmental isolates was significantly lower than that of the clinical group. Further analysis of our data showed that phenotypic expression of cholera toxin-like products by the non-O1 V. cholerae isolates was accompanied by their enteropathogenicity. The latter effect was also noted with some of the cholera toxin-negative isolates, particularly in those having high hemagglutinating and hemolytic titers.
Vibrio cholerae organisms of non-O1 serotypes are widely distributed in the aquatic environment and are free-living in nature (2, 28) . Unlike V. cholerae 01, they do not usually have epidemic or pandemic potential (2) . However, they have often been identified as the causative agents of sporadic cases (12, 16, 22) and localized outbreaks (1, 4, 29) of choleralike diarrhea which is sometimes accompanied by fever, blood, and mucus (4, 12) . The severity of non-O1 diarrhea is of lesser magnitude compared with that of V. cholerae 01 (21) . Apart from their diarrheagenic potential, these organisms have also been implicated in a few cases of extraintestinal infections (2, 12) .
A good number of V. cholerae non-O1 isolates produce cholera toxin (CT)-like toxins (13, 19, 23, (31) (32) (33) although the majority do not. Apart from CT-like toxins, production of other kinds of factors responsible for fluid accumulation (FA) or enteritis by non-O1 strains has also been documented (11, 14, 15, 17, 18, 21, 22, 25, 26) . Furthermore, they express certain other biologically active factors such as hemagglutinins (8, 10) Determination of enterotoxic activity. Enterotoxin production capacity of the non-O1 V. cholerae strains was determined by the rabbit ileal loop (RIL) method (7) and the staphylococcal coagglutination (COA) test (20) .
For the RIL test, bacteria were grown in brain heart infusion broth for 18 h at 37°C with shaking, and cell-free culture supernatant (1 ml) was injected into the ligated ileal loops of a rabbit. After 18 to 20 h, the rabbit was sacrificed and the accumulated fluid volume was measured. Results were expressed as the FA ratio (fluid volume in milliliters per loop length in centimeters). The culture supernatant of each of the bacterial strains was tested twice in two separate rabbits, and the mean of the two values was recorded.
For the COA test, COA reagent was prepared by essentially following the methodology of Ronnberg and Wadstrom (20) . Rabbit antiserum against purified CT (Schwarz/Mann, Orangeburg, N.Y.) was raised in the laboratory and diluted fourfold to coat Staphylococcus aureus Cowan I cells. This dilution was found to be the optimum when prechecked with positive (purified CT at appropriate dilutions) and negative (uninoculated broth) controls. Non-O1 strains were grown in syncase broth (3) supplemented with lincomycin (100 ,ug/ml) at 30°C for 18 h without shaking (23) . Cell-free culture supernatants were obtained by centrifugation at 14,000 x g for 30 min and passed through Millipore filter paper (0.45-,um pore size). The COA test was done on a glass slide by adding 25 ,u1 of the culture filtrate to 25 ,ul of the COA reagent.
Determination of pathogenicity. (i) RIL method. Ligated ileal loops of rabbits were challenged with 0.5 ml of whole cultures of bacteria (109 cells per ml) grown in brain heart infusion broth for 18 h. The FA ratio was determined by the same procedure as described above.
(ii) The infant mouse model. Pathogenicity of some of the non-O1 V. cholerae strains was also determined in the infant mouse model (27) . For this, laboratory-bred 4 256 . However, no marked difference could be noted between the clinical and environmental isolates with respect to their CAHA titers. Furthermore, comparable titers were obtained when some of the strains from both the groups were tested against chicken, human, and rabbit erythrocytes.
Seven clinical and three environmental isolates were also tested for their ability to produce CFHA. Interestingly, six of seven clinical and all three environmental isolates showed this activity against mouse erythrocytes, with titers ranging between 4 and 128 for the clinical isolates and 4 and 8 for the environmental samples. Comparable titers were obtained with rabbit erythrocytes. CFHA titers were, however, very weak or absent (titer of c4) for these strains against chicken and human erythrocytes.
Hemolytic activities. Hemolytic activities of 39 clinical and 30 environmental isolates were determined against rabbit erythrocytes. The hemolytic activities of strains belonging to both groups were found to vary considerably. However, a greater percentage of clinical isolates (61.5%) showed hemolytic activities above 10%, while only 33.3% of all the environmental isolates had such activities. Three clinical strains had very high hemolytic activities (80 to 100%), while none of the environmental strains belonged to this group. Hemolytic activities of some of these strains against erythrocytes of other species followed the order: rabbit > mouse > chicken > human.
Correlation of CAHA titers with hemolytic activities. CAHA titers of the 32 clinical and 22 environmental non-O1 isolates were plotted separately against their corresponding hemolytic activities (Fig. 1) . Statistical analysis (5) of the data shows that the Spearman's rank correlation coefficient (rp) between these two parameters for the clinical isolates is 0.58 and that this value is statistically significant (P < 0.001).
On the other hand, rp for the environmental samples is 0.36, which is not statistically significant (P > 0.05).
Enterotoxin production. Seven clinical and seven environmental non-O1 isolates were tested for their enteropathogenic potential in the infant mouse model (Table 2 ). The table also includes the serotypes, CAHA, CFHA, and hemolytic activities of these strains as well as their enterotoxin production capacities. These strains are also shown in Fig. 1 cholerae. Filled circles represent isolates used for detailed study as presented in Table 2 . (Table 2) failed to show any absolute correlation between CAHA and hemolytic titers and virulence of non-O1 isolates. This was true for isolates belonging to clinical as well as environmental groups. Furthermore, no significant difference in the CAHA titers between the clinical and the environmental isolates could be seen. However, a higher percentage of the clinical isolates (61.5%) had more than 10% of hemolytic activity compared with 33.3% of the environmental ones. Another interesting observation was that the CAHA titers of clinical isolates showed some correlation with their corresponding hemolytic activities, which was not true for the environmental group. The exact significance of these observations is not clear at present. V. cholerae 01 strains are known to express more than one kind of CAHA (8, 9) . It is quite possible that the non-O1 strains also follow the same rule and that one of these hemagglutinins is probably related to its hemolytic activity. The clinical strains, for some reason yet unknown, may express more of the latter type of CAHA related to the hemolysin.
A high percentage of clinical isolates (45.8%) showed enterotoxin production activity in their culture supernatant which induced FA in the ligated ileal loops in rabbits. The fact that the majority of these reactions were mediated by the CT-like toxin is supported by the results of the COA test.
Interestingly, supernatants of four clinical and one environmental isolates gave positive loop reactions but a negative COA test, thereby suggesting the presence of FA factors unrelated to CT. In fact, the culture supernatant of one (clinical) of these five isolates was subsequently found to produce heat-stable enterotoxinlike activity in the suckling mouse assay (K. Datta-Roy and A. C. Ghose, unpublished observation). Release of non-CT-like FA factor by non-O1 vibrios has already been documented by other workers (11, 14, 15, 17, 18, 21, 22, 25, 26) , although its biochemical identity has yet to be clearly established. It the ligated ileal loops of rabbits (Table 1) . However, the diarrheagenic potential was significantly lower in the environmental group compared with the clinical group. These results agreed reasonably well with those obtained with the infant mouse model (Table 2) , in which the diarrheagenic mortality rate was considerably higher for the clinical than for the environmental group. Spira and co-workers (21, 22) in their studies with non-O1 V. cholerae strains showed that a greater proportion of human isolates possessed enteropathogenic potential compared with isolates obtained from the aquatic environment. They also noted that enterotoxin production was not common among their environmental isolates.
The parameters which determine the enteropathogenic {otential of V. cholerae non-O1 strains are yet to be defined. *Nowever, it is evident from the results presented in Table 2 that of the various parameters examined in this study, phenotypic expression of CT-like toxin by the non-O1 V. cholerae strains was accompanied by their enteropathogenicity. Such enteropathogenicity was also noted with some of the non-CT-producing strains, particularly in those having higher hemagglutinating and hemolytic titers. The precise role of the hemagglutinins and hemolysins in the 'pathogenic process remains to be defined. In a recent report, Spita et al. (24) suggested that colonization factors of non-O1 strains play a critical role in the determination of their pathogenicity and that environmental strains were more poorly colonizing than the clinical ones. Therefore, it would be of considerable interest to define more specifically the biochemical nature of such putative factors responsible for adhesion and colonization and to establish their relationship, if any, with the hemagglutinins or hemolysins or both. Such studies are under way.
